Abstract. Umm al Qura University buildings are situated in Wadi Al Numan area in Makkah ALMukarramah province. Therefore, a detailed study of this area is of great importance in future. The study area was divided to 15 parts and soil samples were sampled from each part. In situ, gamma Scout system was applied during sampling, to give the dose rate µSv/h at each point, which ranged from 0.08 to 0.22. For determination of radioactivity concentrations of the 226 Ra, 232
Introduction
Umm Al Qura university buildings are situated in Wadi Al Numan area in Makkah Al-Mukaramah province so a detailed study of this area is of great importance. The study area were divided to 15 parts, soil samples were collected from each part. A global positioning system (GARMIN GPS 45) was used to point the sampling axes, (longitude, latitude, altitude). The importance of the area is due its commercial value and for the huge building materials found in this area * .
Study of radioactivity levels and concentrations of natural and man-made radionuclides have been done all over the world. In Egypt, Ibrahiem et al [1] gave a base map for the radioactivity in the Delta and middle Egypt, by HPGe gamma system they measured the absorbed dose one meter above the ground in each point. They studied sediments and surface area of Naser lake area by both neutron activation analysis and gamma spectroscopy techniques. Amaral [2] in Portogal studied gamma spectrum and dose rate In Situ, also studied the type and composition of the different rocks, as well as the mechanical, chemical and biological properties for each type of soil. Melo et al [3] studied the severe internal dose in Brazil from the high radioactivity concentrations due to the concentrations of uranium and thorium in this area. Morton et al [4] measured the natural radioactivity concentrations, U − Ra, Th ଶଷଶ ଶଶ ଶଷ଼ series and K ସ , as well as the man made Cs ଵଷ . Also they studied the salinity level in the soil from the series of the black plateau resulting from the flood of Virgin River, south-east of Nevada state USA. They analyzed the samples by EDS electron dispersion spectrometer in addition X-ray diffraction spectrometer for the soil composition. Wu [5] studied the accumulation of radioactive concentrations owing to the long period of irrigation according to the Yucca Mountain program of Nevada state USA to point out, time needed to reach equilibrium, the suitable time for irrigation, study of agricultural areas irrigated for long time and the change of concentrations of radioactive nuclides in water. Florou et al [6] studied the effect of the external dose intake for areas of high radioactivity levels in three islands from Greece of volcanic origin. In these areas many geothermal springs give gases as carbon monooxide, carbon dioxide as well as radon. Study was done by In Situ NaI(Tl) spectrometer, also concentrations of natural radio nuclides in soil, spring water, sea water and sediments, also they calculated the dose rate as well as the external risk also the quality assurance of the ecosystem.
The aim of this work is to make base line map for the study area, to be compared with future studies for any environmental or geological changes. Study of the relation between type of soil and the radioactivity level, measurements of dose rate for population in this area, also relation between the geological composition of the soil and the dose rate.
Geology of the Study Area
It lies east of the Red sea between 210 15' 00" and 210 30' 00" latitude north , 390 45' 00" and 400 00' 00" longitude east and elevation between 282 and 326m above the sea level. Rate of rain between 28mm to 273.9mm per year, average of 115.6mm (from the year 1980 to 1995). 
Sampling and Sample Preparation
Sampling was done from 0-5 cm by a template 25x25x5 cm. Samples were mechanically analyzed for the type of soil, clay, sandy, loamy, or a combination of them by selecting the particle size using a system of sieves during the sampling. They were collected in polyethylene bags, then labeled. Remains of plants, weeds and rocks were removed from soil samples and were ground, sieved with a 1mm x 1mm mesh sieve, mixed for homogeneity. Samples were dried to 80 O C not to lose the volatile 137Cs or the natural polonium. 10 gm of the dried samples were used for XRD for the chemical and mineral composition, also 10 gm of the dried samples were used for the analysis by atomic absorption for the K, Al, Bi, Pb, and Th concentrations. A 640 cc sample was weighed then stored for one month in a polyethylene Marinelli beaker, for gamma spectrometry, to reach secular equilibrium between 226 Ra and 232 Th and their progenies. Sampling was done obeying methods adopted by RADREM [7] .
Measurements
An X-ray diffraction spectrometer was applied for the chemical and mineral composition. Also an inductively coupled plasma atomic absorption spectrometer was used for measuring the activity concentrations of Th, Pb and Bi ppm and K and Al %. In Situ NaI(Tl) detector was used during the sampling to measure the concentrations of 226 Ra and 232 Th series as well as 40 K from the gamma energy transitions 1764, 2615, and 1460 keV respectively. In the same time a GAMMA -SCOUT dose meter was applied for the dose rate nGy/h in every sampling point. A gamma ray spectrometer based on a HPGe crystal of the vertical type was applied for the activity concentrations of 226 .
Results and Discussion
The mechanical analysis for the soil classification shows that soil type is two categories: silty sand and sand clay mixture. Table 1 represents XRD analysis results, it shows the major and minor minerals. The major and minor minerals are the quartz (SiO 2 ), the next is albite
, and microline (KAlSi 3 O 8 ). Table 3 shows the results of the In Situ measurements ( 226 Ra, 232 Th, and 40 K as well as the dose rate ߤSv/h Measurements of in situ are relative and not absolute. Where there is dispersion of gamma rays depends on the distance between the source and detector according to the type of material between them and the density. Background radiation as well as the variable density of soil or sediment change, in addition to the interference of radiation from the soil and rocks in the vicinity, which increases the area under the peak, and the percentage of moisture changes the density of the source 226 Ra series concentrations ranged from ND to 2.4 ppm with an average 1.1ppm.
232 Th series concentrations ranged from 1.4 ppm to 6.9 with an average of 4.0.
40 K concentrations ranged from 1.7% to 3% with an average of 2.3%. The dose rate above the earth surface directly was from 0.08 to 0.22 ߤSv/h. with an average of 0.14 ߤSv/h. [9] . [9] . 137 Cs (fallout) concentrations, Bq/m2, ranged from LDL to 31.4 with an average of 26.9.
For sand clay mixture Table 5 shows that 226 Ra series concentrations, Bq/kg dry weight, ranged from 10.1 to 18.1 with an average of 13.3 less than 35 given by UNSCEAR 2000 [9] . 232 Th series concentrations, Bq/kg dry weight, ranged from 11.1 to 15.6, average 15.6 less than 35 given by UNSCEAR 2000 [9] . 40 K concentrations, Bq/kg dry weight, ranged from 454 =15% to 592.6=20% more than 370 the value given by UNSCEAR 2000 [9] . Table 4 . Concentrations of isotopes Bq/kg and in percent dry weight for silty sand soil. 
Radium Equivalent and Absorbed Dose
Radium equivalent is calculated from equation (1) [10] . Ra eq =A Ra + ( A Th x 1.43 ) + ( A k x0.077)
Where A Ra ,A Th and A K are concentrations (Bq /kg) for the 226 Ra, 232 Th series and 40 K respectively.
Equation (1) was applied to convert concentrations (Bq/kg) to absorbed dose , using factors given by (Qunidos et al [11] .
Where D is the absorbed dose at one meter above the earth level nGy/h, C Ra ,C Th and C K are conversion factors (Bq/kg) to nGy/h for Radium, Thorium and K series respectively.
While A Ra , A Th and A K are concentrations Bq/kg for 226 Ra, 232 Th series and 40 K respectively. Table 6 shows sample no. mass in Kg,for dry weight, radium equivalent Bq/kg, dose at distance 1m above the earth in nGy/h for silty sand samples. Table 7 . shows sample no mass in Kg for dry weight, radium equivalent Bq/kg, dose at distance 1m above the earth in nGy/h for sand-clay mixture samples. Table 7 . Sample no. ,mass in Kg for dry weight , radium equivalent Bq/kg , dose at distance 1m above the earth in nGy/h for sand-clay mixture samples. Th concentrations measured by atomic absorption spectrometer and gamma spectrometer. Gamma measurements in the laboratory showed
232
Th series concentrations in Bq/kg of dry weight, less concentration was 9.5 (sample no.1 is clay soil silty sand) and the highest concentration was 22.6( sample no. 15 is a mixture of sand clay mixture ) and for 40 K concentrations ranged from 1.3% (sample no. 9 silty sand) to 2.0%(sample 10 sand clay mixture). From the results of analysis of the atomic absorption,
Th series concentrations in Bq/kg were <DL( sample no. 7 sand clay mixture) and 22.6 ( sample no. 15 sand clay mixture) and for 40 K concentrations ranged from 1.42% (sample no. 5 sand clay mixture) to 2.81%(sample 11 siltysand).. Comparing the results of the atomic absorption with gamma results found to be close and the difference is simply due to the possible non-homogeneity of the sample ( within the limits of error). [1] Atomic absorption spectrometer.
[2] Gamma spectrometer. Th series and 40 K concentrations and dose measured, by gamma spectrometry, In Situ and laboratory. The results didn't match in both, the reason for the difference that in the case of in situ measurement, there is a background radiation dose from the surrounding medium (rocks and soil) and from cosmic rays which are higher at this altitude (326-280) above the sea surface, and the measurements in situ was on the surface directly, while the concentrations obtained in the laboratory were calculated on 1 meter from the surface of the earth, in addition, these samples contain moisture, while the samples in lab. were dried and sieved, also, radiation shield surrounding the detector was used to protect the system from the background radiation. Table10 Shows conversion factors nGy/h per Bq/kg used in the present work and that obtained by Amaral [2] . Al-Kusayer & Al-Haj [12] measured and calculated the level of background radiation in the city of Riyadh, concentrations of radioactive isotopes in Bq/ kg for 226 Ra, 232 Th series, and 40 K were higher than that in the present work and for 137 Cs was even more higher. This is due to the that fact their measurements took place in 1987, a year after the Chernobyl accident.
Abulfaraj & Abdul-Majid [13] determined the concentrations of radioactive isotopes in natural soil from different parts of Jeddah, Saudi Arabia, the average concentrations Bq/ kg of dry weight were higher than that in the present work. It is possible that due to the fact that the soil in Jeddah area is often sand. Table 11 . The percentage contribution of nuclear series and K-40, related to the type of soil.
K -40 Th-232 series Ra-226 series Soil origin (Amaral, 2000) 30 % ± 5% 45 % ± 7% 25.9% ± 6% intrusive 46 % ± 5 % 32 % ± 5% 22% ± 4% sedimentary 36% ± 13% 42% ± 8% 22% ± 9% metamorphic 62.2% ± 0.2% 22 % ± 0.8% 15.9% ± 0.3% silty sand Present work 59.4% ± 0.17% 24.5% ± 0.7% 16.3% ± 0.2% sand-clay mixture Table 12 Represents comparison of isotopes concentrations (Bq/kg dry weight) in the present work and some published results . 
Conclusion
The results of the In Situ measurements ( 226 Ra, 232 Th, and 40 K as well as the dose rate ߤSv/h) can't be considered accurate results because of the interference of the background of the surrounding of soil and rocks. Results of gamma spectrum by the HPGe system Bq/kg dry weight for the silty sand and sand clay mixture show that, for 226 Ra, 232 Th series, and 137 Cs concentrations are lower than that given by UNSCEAR 2000 [9] . While the concentrations of 40 K are more than those given by UNSCEAR 2000 [9] . There is a small difference between the two types of sandy soil component, silty sand and sand clay mixture, because both of them contain Quartz. The concentrations of radioactive materials from sand clay mixture were slightly higher for the two series ( 
